• Alcohol consumption is a risk factor for a number of chronic diseases and all-cause mortality.
• Levels of alcohol consumption were reported by 31 072 participants (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) ) in Alberta's Tomorrow Project cohort; a geographicallybased cohort of adults aged 35 to 69 years.
• Fourteen percent of men and 12% of women reported alcohol consumption exceeding recommendations for cancer prevention.
• Elevated levels of alcohol consumption were positively associated with tobacco use and other risk factors for chronic disease.
• Public health messaging should continue to promote minimal intake levels of alcohol or low-risk drinking to reduce the burden of chronic disease in Alberta.
of cancer, including oral cavity, esophagus, pharynx, larynx, female breast, stomach, liver and colorectum. 2, 3 The International Agency for Research on Cancer (IARC) has declared ethanol (the active metabolite of alcohol consumption) a Group 1 carcinogen to humans 4 , and there is sufficient evidence to suggest a dose-risk relationship between alcohol and adverse health outcomes, especially for cancer [5] [6] [7] [8] [9] , with no evidence of a threshold effect. 2 Moreover, there does not seem to be any appreciable differences for
Introduction
Alcohol contributes substantially to various causes of mortality. Estimates suggest that, globally, alcohol is related to 25 .8% of deaths due to injuries, 33.4% of deaths due to diabetes and cardiovascular disease, and 12.5% of cancer-related deaths. 1 Regular alcohol consumption is a known risk factor for at least eight specific types beverage type. 2 Recent population attributable risk estimates predict that 4.2% of all incident cancer cases in the province of Alberta were attributable to alcohol consumption in 2012. 10 In contrast, light-to-moderate alcohol consumption has previously been shown to have cardioprotective effects [11] [12] [13] [14] and provide protection against type II diabetes 15, 16 and other chronic diseases. 14, 17 However, recent evidence has challenged these findings and suggest that there is no safe limit of consumption, especially for cancer. [18] [19] [20] [21] Despite the controversy, identifying a safe threshold based on sound methodology which accounts for beverage type, the frequency and volume of consumption and patterns of use for alcohol remains an important research question. 21 Recent reviews on the topic suggest that even light-to-moderate alcohol use may not be protective for chronic disease. 21 This is contradictory to the messaging that currently exists surrounding alcohol consumption guidelines, which promote moderate alcohol consumption in those who choose to drink. 3, 22 Although the rates of past-year drinking among Canadians aged 15 years and older has decreased from 79% in 2004 to 76% in 2013, the rates of risky drinking behaviours have increased. 23 For example, Canada's Low-Risk Drinking Guidelines 24 recommend that women consume no more than 10 drinks per week (with no more than two drinks per day) and for men to consume no more than 15 drinks per week (with no more than three drinks per day). 24, 25 Despite these guidelines, the proportion of Canadians who exceed lowrisk drinking guidelines continues to rise. Compared to 13 
Assessment of alcohol and variables of interest
Information on alcohol consumption was collected from 2001 to 2009 using a cognitive-based food frequency questionnaire (FFQ) developed by the United States National Cancer Institute as a tool for assessing nutrition over the preceding 12 months 40 and has been adapted for use in Canada. 37 The Diet History Questionnaire (DHQ) was analyzed using Diet*Calc, version 1.4.2 (Canadian version) software. The DHQ has been validated across nutrients and food groups including alcohol. Additionally, numerous other well-designed studies have employed FFQs in their assessment of alcohol consumption. 12, 41, 42 Participants were queried about consumption frequency and volume of beer, wine/ wine coolers, and liquors/mixed drinks during the past year. The questionnaire asked separately about cans/bottles of beer (12-ounce), glasses of wine/wine cooler (5-ounce), and drinks of liquor/ mixed drinks (1.5-ounce). Each beverage type had ten frequency response categories ranging from never to six or more servings (drinks) per day over the previous year. We estimated the average amount of ethanol consumed per week using the Canadian standard of 13.6 g of ethanol in a standard drink, corresponding to approximately 341 ml of beer, 142 ml of wine, and 43 ml of liquor. 43 It was not possible to garner information on heavy episodic drinking or whether participants typically drank on weekdays or weekends. We evaluated the proportion of participants who adhered to or exceeded the WCRF/AICR alcohol consumption recommendations for cancer prevention. 44 Individuals were classified as those who adhered (≤ 2 drinks/day for men; ≤ 1 drink/ day for women) and those who exceeded recommendations (> 2 drinks/day for men; > 1 drink/day for women).
To estimate the association between alcohol consumption patterns and tobacco use, we examined the proportion of men and women who adhered to or exceeded alcohol consumption guidelines across tobacco use groups. Tobacco use was captured from participant responses to self-report questionnaires at baseline. Participants were asked about their current and former tobacco use histories and were categorized as follows: never, former, current occasional and current daily smoker. Body Mass Index (BMI) was derived from participants' self-measured height and weight, and co-morbidity status was obtained from participants' self-reported physician diagnoses from the baseline questionnaire. To assess prevalence of multiple risk factors, we also considered the prevalence of tobacco smoking, body size (overweight or obesity, defined as body mass index [BMI] > 25 kg/m 2 ) and presence of comorbidity (defined as selfreport of a chronic disease including high blood pressure, angina, high cholesterol, heart attack, stroke, diabetes, polyps in the colon, ulcerative colitis, and cirrhosis of the liver). Multiple risk factors were categorized as none (participants met none of the criteria, i.e. were non-smokers, BMI < 25 kg/m 2 and reported no chronic conditions), low (met any one of the three criteria), moderate (two of three criteria) and high (all three criteria were met). We then examined the proportion of men and women who were within or exceeded lowrisk drinking guidelines within these graded risk categories.
Statistical analysis
Descriptive statistics were used to characterize consumption patterns within the cohort; we examined average consumption of alcohol (0, 0.1 to 4.9, 5 to 14.9, 15 to 29.9, 30 to 44.9, ≥ 45 g/day). Means and standard deviations (SD) were estimated for continuous variables, while frequencies and percentages were estimated for categorical variables. A kappa sensitivity analysis was conducted to determine the agreement between the Diet*Calc estimation of alcohol in number of drinks per day compared to grams of ethanol per day (1 drink = 13.6 g of ethanol). Pearson's chi-square tests were used for all comparison analyses. Additionally, multivariable logistic regression models were used to assess associations between sociodemographic characteristics and WCRF drinking recommendations. Missing data represented < 1% for all included variables. Missing values were omitted from analyses. All statistical tests were performed at a 5% level of significance using SAS version 9.2 (SAS Institute, Cary, NC, USA) on a Linux interface.
Results

Alcohol Consumption Patterns
The majority of participants (84%, n = 22 627) reported consuming alcohol at some point in the preceding 12 months. Table 1 presents the proportion of Alberta's Tomorrow Project participants in each alcohol consumption category by sex and sociodemographic characteristics. Median (IQR) consumption of alcohol was 2.1 (5.8) g/day for women and 5.9 (14.8) g/ day for men. Compared to non-drinkers, men and women who consumed alcohol tended to be younger, consume more servings of red meat, be of European ethnicity, live in an urban setting, work full-time, and have a household income that exceeded $80 000 annually. A clear positive association was observed between daily consumption of alcohol and current tobacco use for both men and women. Table 2 presents the proportion of men and women that fell within or exceeded World Cancer Research Fund recommendations for personal alcohol consumption across demographic categories based on self-reported alcohol consumption. The majority (87%) of cohort participants who reported consuming alcohol in the past 12 months fell within personal recommendations for alcohol consumption, while 13% of participants consumed alcohol in excess of recommendations. Slightly fewer women exceeded the drinking guidelines compared to men (12.1% vs. 13.6%). A higher proportion of men exceeding the recommendations was observed for those who were more educated, had higher annual household incomes, who were middle aged (45 to 54 age group) and divorced/separated/widowed. Similar to men, women exceeding guidelines had higher household incomes, were employed full-time or retired, and were in the 45 to 54 year old age range.
World Cancer Research Fund Drinking Recommendations for Cancer Prevention
Associations between WCRF drinking guidelines and sociodemographic characteristics are presented in Table 3 . Overall, men and women with higher household incomes had higher odds of exceeding WCRF drinking guidelines. Additionally, participants who had ever smoked (current daily, current occasional and former smokers) had a higher odds of exceeding WCRF drinking guidelines compared to never smokers (p < .0001). This was highest for men who were current daily smokers (OR, 95% CI, 3.61, 3.00 to 4.36) and those who were current occasional smokers (OR, 95% CI, 3.56, 2.63 to 4.82). Similar findings were observed for women who smoked daily (OR, 95% CI, 3.06, 2.62 to 3.59) and occasionally (OR, 95% CI, 3.20, 2.43 to 4.21). Women who were of non-European or mixed ethnicity were less likely to exceed guidelines compared to women of European ethnic background (OR, 95% CI, 0.66, 0.51 to 0.85).
Drinking and other risk behaviour patterns
As shown in Table 4 , a higher proportion of non-smokers were observed among those who did not consume alcohol. A positive association was observed between current smoking status and total daily alcohol consumption. Volume of alcohol consumption was associated with multiple risk factor categories for both men and women.
Nearly 31.0% of men and 25.4% of women who exceeded guidelines were also current tobacco users (Table 5 ). The graded/multiple risk factor analysis revealed that a higher proportion of men exceeded the drinking guidelines and had moderate to high-risk profiles compared to women (56.0% vs. 34.6%). Women who exceeded guidelines showed a slightly lower prevalence of multiple risk factors compared to women who fell within the guidelines (35% vs. 37%).
Discussion
We observed that the majority of cohort participants (84%) consumed alcohol in the previous 12 months, which is slightly higher than that reported in other studies on alcohol use in Alberta (76%) 45 and Canada (77.1%). 46 Most participants who reported consuming alcohol in the past 12 months fell within alcohol consumption recommendations for low-risk drinking put forth by the World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR). However, it should be noted that the cohort only included adults 35 years and older, which excludes those aged 20 to 34 years, known to be the heaviest drinkers in Canada. 23 Globally, the prevalence of alcohol consumption is rising and remains a public health concern.
1 Excess alcohol consumption is widely recognized as a contributor to adverse health outcomes. 1, 5, 6, 8, 9, 22, 47, 48 A recent meta-analysis concluded that approximately 34 000 cancer deaths worldwide could be attributed to "light" drinking (defined as: ≤ 12.5 g ethanol or ≤ 1 drink per day) in 2004. 49 The adverse effects of alcohol consumption on health may be underappreciated compared to that of tobacco use, but it has been suggested that the global burden of disease attributable to alcohol was similar to that attributable to smoking exposure in the year 2000. 8, 48 Recent findings do not support an overall protective effect from alcohol consumption.
18,50-52 Flawed study designs have been implicated in earlier findings of "protective effects" [53] [54] [55] [56] [57] [58] -however, a great deal of controversy on this topic remains. 51, 55, [59] [60] [61] [62] A large proportion of participants in this study reported light-moderate drinking (0.1 to 29.9 g of ethanol/day or < 1 to 2 drinks/day), and may be unaware of the potential harm associated with even small Continued on the following page but regular amounts of alcohol. Further investigation into the relationship between low-risk drinking and health outcomes is essential to better characterize the exact risk-benefit threshold for alcohol consumption among different population groups. It is likely that current recommendations are not specific enough to account for inter-individual variation, susceptibility to particular disease, and tolerance thresholds.
As previously highlighted by the Pan American Health Organization and the WCRF, alcohol consumption behaviours differ considerably by sex. 3, 47 In the present study, men consumed alcohol more frequently and in greater quantities compared to women. Men were twice as likely to report daily drinking compared to women. This gender difference has been observed in previous population-based studies 3, 47 and cross-national studies, 63, 64 which found higher prevalence of harmful alcohol consumption profiles among men, especially with respect to total volume consumed and risky patterns of use.
63-65
Similar studies have also found that alcohol-attributable disease burden (i.e. cancer, cirrhosis of the liver, neuropsychiatric disorders, etc.) is five times higher in men than women, with a mortality ratio of 10:1 compared to women. 8 The higher consumption observed in men could be attributable to biopsychosocial factors. 63 Similarly, we observed that men were more likely to engage in both higher rates of alcohol consumption and tobacco smoking, amplifying their risk for adverse health outcomes and disease. Both men and women who exceeded drinking guidelines were more likely to use tobacco and have overall higher risk profiles compared to those who fell within current guidelines.
Preliminary analyses from this study suggests that some chronic conditions and comorbidities may be higher among those who exceed WCRF/AICR drinking recommendations, especially for men. Therefore, healthcare providers and public policy initiatives should work within the framework of risk-reduction to determine which strategies may be most appropriate for particular groups of individuals. Interventions targeted at specific populations who are known to have "at risk" alcohol consumption patterns are needed. Given the overwhelming evidence supporting a dose-risk relationship between alcohol and chronic disease, including cancer, public health messaging should continue to focus on limiting heavy drinking and supporting low-risk drinking for individuals who choose to drink, in addition to targeting individuals who may already have a high-risk profile. Future analyses using Alberta's Tomorrow Project will focus on investigating the association between long-term alcohol consumption patterns and incidence of cancer and other chronic diseases in this cohort.
Characteristics Total daily consumption of alcohol (g/day)
p b Within Guidelines refers to ≤ 2 drinks per day for men and ≤ 1 drink per day for women. c Exceeding Guidelines refers to > 2 drinks per day for men and > 1 drink per day for women. d Indicates statistically significant difference across sociodemographic categories in exceed and meet guidelines using chi-square tests (p < 0.001). e Combined responses to: some technical school/college, completed technical school/college, some university degree completed. f Income data are in response to a question about total household income before tax etc. g Geographic location was determined using postal codes, where the "0" as the middle numerical number indicates rural residence. ) and presence of comorbidity. b Comorbidity is defined as self-report of a chronic disease including high blood pressure, angina, high cholesterol, heart attack, stroke, diabetes, polyps in colon, ulcerative colitis and cirrhosis of the liver. c Graded risk categories: no risk (participants met none of the criteria above, i.e. were never smokers, BMI < 25 kg/m 2 and self-reported no chronic condition), low risk (met any one of the three criteria shown above), moderate risk (met two of three criteria shown above) and high risk (met all three criteria shown above). d The chi-square test was used for categorical variables, and the one-way analysis of variance was used for continuous variables. ) and presence of comorbidity. b Within guidelines refers to ≤ 2 drinks per day for men and ≤ 1 drink per day for women; exceeding guidelines refers to > 2 drinks per day for men and > 1 drink per day for women. c The chi-square test was used for categorical variables, and the one-way analysis of variance was used for continuous variables. d Comorbidity is defined as self-report of a chronic disease including high blood pressure, angina, high cholesterol, heart attack, stroke, diabetes, polyps in colon, ulcerative colitis and cirrhosis of the liver. e Graded risk categories: no risk (participants met none of the criteria above, i.e. were never smokers, BMI < 25 kg/m 2 and selfreported no chronic condition), low risk (met any one of the three criteria shown above), moderate risk (met two of three criteria shown above) and high risk (met all three criteria shown above).
Limitations
It is important to acknowledge several limitations of the present study. Alberta's Tomorrow Project cohort does not include young adults (< 35 years), who have been shown to have a higher prevalence of alcohol consumption compared to middle-aged adults. 31, 34, 66 Therefore, these estimates reflect only the adult population of Alberta between the ages of 35 and 69 years. While Alberta's Tomorrow Project was designed to be geographically representative of the adult population of Alberta, no weighted sampling strategy was used in the cohort design. Additionally, the initial recruitment through RDD methods resulted in a 48.4% response rate. It is unknown how responders differed from non-responders as no data were collected on those who did not enroll. While we believe that these results are largely generalizable to adults in Alberta, the data should not be considered representative of the Alberta population as a whole. The exclusion of Albertans under age 35 years may also account for the lower prevalence of Alberta's Tomorrow Project participants who exceed WCRF drinking recommendations compared to other national surveillance data. 31, 34, 66 In addition, the results of the current analyses are based on participant responses to self-report surveys. Sensitive questions, such as those related to alcohol intake, can often lead to exposure misclassification due to underestimation and underreporting of true consumption. 3, 8 An unpublished analysis of the 2004 Canadian Addiction Survey found that respondents indicated they only drink on average one-third of what would be expected from official alcohol sales. 67 A limitation of the use of the Diet History Questionnaire for the assessment of alcohol consumption is that it does not adequately capture heavy episodic or "binge" drinking habits, which may have led to an underestimation of total alcohol consumption. Numerous other well-designed studies have assessed alcohol consumption in a similar fashion, most notably the Nurses' Health Study 41 and the Health Professionals Follow-up study 12 , both large ongoing prospective cohort studies. 
Conclusion
Despite the potential for underreporting, 84% of participants in the present study reported consuming alcohol in the past year. Men had a median (IQR) consumption of 5.9 (14.8) g/day of alcohol and women had a median consumption of 2.1 (5.8) g/day. Approximately 14% of men and 12% of women exceeded cancer prevention alcohol consumption recommendations. Additionally, higher volumes of alcohol consumption were found to be associated with tobacco use and elevated risk behaviour profiles in both men and women (all p < .0001). Public health messaging that continues to support minimal intake levels or low-risk drinking is essential in promoting moderation among individuals who choose to drink.
